Mass coefficients of a noncommutative momentum for arbitrary spin polarization states are calculated by following a general method to keep Lorentz invariance. In the two limits, the low and high energy limits, weak mixing angles are calculated within few % level of accuracy from Lorentz symmetry breaking function at mass poles. Different initial polarizations, such as left and right-handed, longitudinal and transverse, for antisymmetric and symmetric momentum affect on the weak mixing angle. *
I. INTRODUCTION
The observed spin asymmetries [1] [2] [3] may imply to investigate various types of initial polarizations for looking deeper insides of particle structure. However the construction of covariant spin in arbitrary reference frames with concerning Lorentz invariance is not a simple task since it depends on interaction as discussed in recent work to include covariant transverse spin in light front theory [4, 5] .
A systematic way to include arbitrary polarizations in covariant form with maintaining the invariance has been shown up with a mass normalization of a second rank tensor momentum structure [6] . In this work, we follow the systematic method and investigate detail mass coefficients for various cases of initial spin polarizations to calculate the weak mixing angle. A developed mass pole concept with Lorentz symmetry breaking function is related to weak mixing angle with reasonable accuracy of calculated values. Total twelve possible cases of initial polarization states are treated by considering antisymmetric and symmetric momentum, P αµ R ∓ , parallel and anti-parallel spin directions, longitudinal and transverse polarizations. In appendix, we provide a basic formula for numerical analysis on rotating initial spin polarizations.
II. MASS POLES AND WEAK MIXING ANGLE
In [6] , we have described a general procedure to maintain Lorentz invariance for arbitrary initial spin polarization states. A brief summary follows that first: to take longitudinal polarization as a reference spin direction,ŝ =β, second: to choose arbitrary initial spin direction by transforming the longitudinal spin,ŝ ′ = Rŝ, third: to calculate the transformed spin 4-vectors by differentiation, s ′µ = ∇ s ′ u ′µ , fourth: to find invariant relation with corresponding mass coefficients, A µν , finally, fifth: to express the original mass 4-vector in terms of invariant mass 4-vector and the transformed mass coefficients, m ′µ = m ′µ (s, m). Three applications were given for the choices of initial spin direction,ŝ ′ = −β,θ as a static initial states, and n =ŝ z ,ŝ =β, the longitudinal precession as a dynamic initial state.
In this section we treat total sixty cases of initial spin states. For given of antisymmetric and symmetric momentum, P αµ R ∓ [7] , the initial polarizationŝ
represent the longitudinal in β, transverse in θ, ϕ directions, and the axis of rotation in β, θ, ϕ with rotation of s z direction using the rotation formula.
Since the variety comes only from sign change in each directions, we use shorthand notations for the sign change, ǫ s , ǫ 1 , ǫ 2 = ±,
Two cases of noncommutative momentum [6] also can be described as
with N = −1, +3 for antisymmetric and symmetric cases, respectively. With the abbreviations, our effort reduces to treat the only six different types in (1) . After providing the combined sign expressions, we will take mainly two limits, β → 0, 1, to investigate the role of internal boost ǫ and the symmetry breaking function, f (ǫ) [9] .
For given initial spin,ŝ
the unit vectors of spin 4-vectors are calculated by differentiation
It is necessary to confirm the orthogonalitŷ
which follows
The invariant relation gives mass coefficients
and the factorization.
Then the desired transformed mass 4-vector can be expressed in terms of invariant masses
The expression contains four possible cases, two directions of longitudinal polarization, the left-handed and the right-handed, for each antisymmetric and symmetric momentum. Since we are interesting to investigate the internal boost effect on the momentum, we take two limits, the low and high energy limits. For the external rest state, β = 0, we find
which is independent on the left and right handedness. Finiteness of the mass 4-vector very depends on the value of denominator, i.e., on the magnitude of Lorentz symmetry breaking function,
, which reflects the internal boost, the isospin velocity ǫ, of polarized particle [9] . For example, at the internal local minimum,
, the antisymmetric mass, N = −1, is given by
and for the symmetric mass, N = +3, is given by
When internal state has been changed by somehow, maybe by changing the spin polarization state at the external rest state, until to get f = 0, then the antisymmetric mass, N = −1, corresponds to
and the symmetric mass, N = +3, has become
We may continue the internal boost until arriving at the two interesting points.
At the two points, the corresponding mass components diverge to infinity. In other words, the applied magnetic field, for example, to change the spin polarization at the external rest state, may be resonantly absorbed by the particle with following the divergence at the poles. We would like to call it as mass poles due to internal boost, ǫ = ǫτ . The mass poles for antisymmetric mass, N = −1, becomes
and for symmetric mass, N = +3.
Therefore, the symmetry breaking function, f (ǫ), has discrete values corresponding to the mass poles at the internal boost parameter
with, for the antisymmetric isospin velocity at the mass poles, ǫ 0 = ±0.529 150 , ǫ r = ±0.535 412 (21) and, for the symmetric isospin velocity at the mass poles,
We recall that the isospin velocity in the local mass function of a noncommutative wave equation has been used to evaluate the weak mixing angle from the analogy of covariant derivative [8, 7] .
with a rude value, sin 2 θ W = 1/5 at ǫ = 1/2 = 0.500. Since the analogy holds for our symmetry breaking function and the mass pole concept with internal boost of isoscalar gauge field, A µ (ǫ), we calculate the corresponding weak mixing angles at the mass poles such as, for antisymmetric mass,
and, for symmetric mass,
The values are much more close to the MSSM fittings, ∼ 0.2315, in [10, 11] . and it seems to give us an opportunity to connect initial polarization states to weak mixing angle at the level of accuracy in experiments to explain the wide spread of existing data less than 1% as in [12] . Since the meaning of mass pole is clear, we may directly connect the weak mixing angle to the symmetry breaking function at a mass pole.
We can easily find that for f = 0, the disappearing of isospin matrix in particle momentum, is compatible to the isoscalar part of noncommutative wave equation with same value of sin 2 θ W = 1/5. Since the argument endows a meaning on investigation of mass poles, we continue the search in the two limits for each initial polarization states as far as we can do.
For the high energy limit, β → 1, we find
For angular parts of mass 4-vector we find mass poles at f = 2 which corresponds sin 2 θ W = 0.225 708 , at ǫ = ±0.539 910 , f or f = 2
For right-handed spin, ǫ s = +1, and antisymmetric momentum, N = −1, we find
with two mass poles f = 0, 1 corresponding to sin 2 θ W = 0.200 000 , at ǫ = ±0.500 000 , f or f = 0 sin 2 θ W = 0.218 751 , at ǫ = ±0.529 150 , f or f = 1
For right-handed spin, ǫ s = +1, and symmetric momentum, N = +3, we find
with mass poles f = 0, 
For left-handed spin, ǫ s = −1, and antisymmetric momentum, N = −1, we find
with two mass poles f = 0, 2. We note that f = [− 1 3 , +∞].
For left-handed spin, ǫ s = −1, and symmetric momentum, N = +3, we find
with the same poles f = 0, 2. Let's summarize the found eight mass poles in the longitudinal polarizations.
We note that the actual mass poles are determined by the given initial particle energy, β, as in (11).
For given initial spin,ŝ ′ = ǫ sθ , the unit vectors of spin 4-vectors are calculated by differentiationβ
where cot θ = 1 is assumed for transversity. The nonzero coefficients are
Checking of orthogonality followŝ
with
In the external rest, β = 0, we find the same structure in longitudinal case
with mass poles
For high energy limit, β → 1,
with mass poles f = 0, 1. We expect that full description with given initial energy alter the pole configurations as natural.
C. Transverse Case:ŝ ′ = ±φ
For given initial spin,ŝ ′ = ǫ sφ , the unit vectors of spin 4-vectors are calculated by differentiationβ
At the external rest, β = 0, we find the desired transformed mass 4-vector in terms of invariant masses
The corresponding eight mass poles are f = 1, (51) For high energy limit, β → 1, we find
with mass poles f = 0, 1.
III. CONCLUSIONS
We would like to make a brief conclusion on the static initial polarizations. The underlying concept is that the internal structure of particle may be possibly tested by internal boost which may correspond to some ultra short magnetic pulse to induce the acceleration of internal change for given spin state even in external rest, β = 0, or may need to make a suitable combination the β with the short magnetic pulse. We note that both the external acceleration and the internal acceleration provide similar mass pole structures in this noncommutative momentum concept. The relation of symmetry breaking function, f (ǫ), to weak mixing angle, sin 2 θ W , is not exact since we have worked only with the internal boost for isoscalar gauge field, A µ (ǫ). Even though the approximation, the spread of calculated values within nearly acceptable range, less than few %, indicates that to develop an exact theory to include the initial polarization dependence on weak mixing angle is useful to explain the spread of data within same level of accuracy.
APPENDIX A: ROTATING INITIAL SPIN
For dynamic initial polarizations, we do not make any calculations for weak mixing angle since it needs numerical analysis due to its complicated equations. We just provide base formula toward numerical computations. In the following three cases, we checked the orthogonality holds.ŝ
which is essential to use the classical rotation formula.
1. Longitudinal Precession: n = ǫ 1β ,r = ǫ 2ŝz . 
